Non-invasive aortoiliac assessment  by Currie, I.C. et al.
Eur J Vasc Endovasc Surg 9, 24-28 (1995) 
Non-invasive Aortoil iac Assessment 
I. C. Curr ie 1, A. J. Jones  2, C. J. Wake ley  2, W. G. Tennant  1, Y. G. Wi lson 1, R. N. Baird ~ and P. M. 
Lamont  ~ 
Departments of 1Surgery and ZRadiodiagnosis, Bristol Royal Infirmary, Bristol, U.K. 
Objectives: To assess the accuracy of Duplex ultrasound in the assessment ofaortoiliac disease. 
Design: Prospective, semi-blind study. 
Setting: Vascular laboratory and radiology departments, University Hospital. 
Materials and Methods: Ninety-two patients underwent assessment of the aortoiliac segment by femoral pulse palpation, 
Duplex ultrasound and biplanar arteriography. Of these 184 aortoiliac segments, 68 were also assessed by intraarterial 
pressure measurements and 80 by magnetic resonance angiography (MRA). 
Main Results: Femoral pulses were abnormal in all 32 occluded aortoiliac segments. Of 152 patent segments, femoral 
pulse palpation was misleading in 50 (33%). MRA detected all occlusions and had a sensitivity of 71% and specificity of 
68% for stenoses, compared to arteriography. Colour flow Duplex misdiagnosed four occlusions as stenoses. Duplex had 
a sensitivity of 91% and specificity of 93 % for stenoses when compared toarteriography. Two stenoses, detected by Duplex 
and confirmed by pressure gradients, were missed by arteriography. 
Conclusions: Pressure measurements remain the gold standard for aortoiliac examination, arteriography providing only 
morphological information. The limitations of femoral pulse palpation should be appreciated. Although MRA was faster, 
Duplex examination proved slightly more sensitive to stenoses. At present, colour Duplex provides the best non-invasive 
assessment ofaortoiliac disease and could prevent unnecessary arteriograms. 
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Introduction 
Intermittent claudication can be treated conserva- 
tively, by endoluminal procedures or by surgery. 
Suitability for percutaneous translurninal angioplasty 
(PTA) is determined by the location and extent of 
arterial disease. Surgical bypass has become more 
conservative in recent years with a trend from aorto- 
bifemoral bypass to femorofemoral cross-over with 
PTA of the donor iliac artery. Clinical examination 
may fail to assess the location and severity of arterial 
lesions; thus patients are selected for interventional 
procedures on the basis of arteriography. Furthermore, 
readmission may be necessary for definitive arterial 
dilatation. I 
An accurate, non-invasive screening test could 
avoid arteriography in claudicants with a lesion 
unsuitable for endoluminal therapy and, in suitable 
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patients, enable angioplasty to be performed as a 
single planned procedure. 
This study aims to compare non-invasive aorto- 
iliac assessment by magnetic resonance angiography 
(MRA) and colour Duplex with traditional invasive 
methods. 
Method 
Between July 1992 and October 1993, a consecutive 
series of 92 patients were prospectively studied. All 
were considered for an intervention on clinical 
grounds and underwent aortoiliac Duplex assessment 
from infrarenal aorta to the origins of the superficial 
femoral and profunda femoris arteries. Median age 
was 64 (range 43-83). There were 24 women and 68 
men. Eighty-nine patients had claudication and three 
critical ischaemia. Mean ankle pressure index at rest 
was 121 mmHg (ankle-brachial pressure index, ABPI 
0.69; range 0 to 1.10). Fourteen patients were diabetic, 
30 had evidence of myocardial disease and 12 had 
previous cerebrovascular events. 
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Femoral pulses were palpated in the clinic at rest 
by a consultant or senior registrar and graded as 
normal, weak or absent. 
Patients were scanned by one observer (ICC). An 
Ultramark 9 (Advanced Technology Laboratories, 
Letchworth, U.K.) colour Duplex with 5 MHz linear 
and 2.25 MHz and 3.5 MHz phased array transducers 
was used. Significant stenoses were diagnosed when 
there was a rise of 150% in the Doppler peak systolic 
velocity in the jet compared to adjacent velocities. 2 
All patients underwent arteriography via the 
transfemoral or transbrachial routes obtaining bipla- 
nar iliac views. Arteriograms were performed a mean 
of 6 weeks after the Duplex examination. Two experi- 
enced vascular adiologists, blind to Duplex results, 
reviewed the arteriograms. Lesions were graded as 
insignificant ( < 50% area reduction on any iliac view), 
significant ( > 50% area reduction) or occluded. 
In 40 patients magnetic resonance angiography 
(MRA) was performed prior to invasive assessment 
using a 1 Tesla superconducting magnet (Siemens 
Magnetom Impact). A further two patients refused 
MRA due to anxiety. A 2-dimensional time of flight 
(2D TOF) technique was used to obtain images from 
infrarenal aorta to common femoral arteries. 3 Using 
this technique stationary tissues within the imaging 
plane are subjected to rapidly repeated radio-fre- 
quency pulses suppressing longitudinal magnetisa- 
tion and fully saturating all spins within the plane. 
These tissues thus return little signal. In contrast, 
inflowing arterial blood is not subjected to these 
pulses and contains unsaturated flowing spins, which 
results in paradoxical enhancement of their signal 
when they are imaged. Signals from venous inflow are 
eliminated by a further presaturation pulse below the 
imaging plane. Maximal signals are returned from 
blood flowing perpendicular to the imaging plane. 
Turbulence distal to stenoses causes dephasing of 
spins resulting in reduced signal or even a flow void 
(Fig. 1). Magnetic resonance angiograms were 
reviewed by two vascular radiologists who scored 
lesions as insignificant ( < 50%), significantly stenosed 
( > 50%) or occluded. 
Sixty-eight aortoiliac segments were also assessed 
by intraarterial pressure measurements. A resting 
aortic to femoral pressure gradient of 20 mmHg or 
greater was considered significant. 2 If no resting 
gradient was found, 30 mg of papaverine was given 
intraarterially and pressures recorded via a 5F aortic 
catheter. The catheter was withdrawn into the distal 
external i iac artery and a further 30 mg of papaverine 
given. The drop in pressure between aorta and 
common femoral artery during hyperaemia was 
expressed as a percentage of the resting common 
femoral pressure and if greater than 15% was con- 
sidered significant. 4 
Results 
Two patients developed haematomas and one 
required operative repair of an occluded brachial 
artery after arteriography. Thirty-two aortoiliac seg- 
ments were occluded and all had abnormal femoral 
pulses, 22 absent and 10 weak. Of 152 patent aortoiliac 
segments, 30 (20%) had a normal femoral pulse 
despite significant (> 50% stenosis) upstream disease 
on arteriography whereas 20 (13%) had abnormal 
femoral pulses despite insignificant proximal 
disease. 
The numbers of insignificantly diseased, sig- 
nificantly stenosed and occluded aortoiliac segments 
diagnosed by arteriography, Duplex and MRA are 
Table 1. Diagnosis of aortoiliac lesions by arteriography, Duplex 
and MRA 
Insignificant Significant 
disease stenosis Occluded Total 
Angiography 76 76 32 184 
Duplex 81 74 25 180 
MRA 25 32 23 80 
shown in Table 1. Duplex examination lasted between 
60 and 90 minutes. Of 184 aortoiliac segments, four 
were not visualised by colour Duplex, all in the first 
month of the study. Of 180 aortoiliac segments 
visualised by Duplex, 25 of 30 occlusions were 
correctly diagnosed. In four occluded segments high 
velocities in collateral vessels led to an incorrect 
diagnosis of stenosis by Duplex. One segment, sten- 
osed on Duplex examination, was thought o have 
occluded while awaiting arteriography. Of the 150 
patent segments visualised by Duplex, 69 of 76 
significant stenoses were correctly diagnosed com- 
pared to arteriography. 
Magnetic resonance imaging took approximately 
20 minutes. Eighty aortoiliac segments were assessed 
by MRA and arteriography. All occlusions were 
detected by MRA. Of 57 patent segments, MRA 
missed 10 of 35 stenoses and incorrectly diagnosed 
stenoses in seven arteriographically normal 
segments. 
Table 2 compares non-invasive assessment of 
aortoiliac occlusion with arteriography as the "gold 
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Table 2. Non- invas ive assessment of occlusions 
Number Sensitivity Specificity PPV NPV 
Duplex vs. Angio 180 83 97 86 97 
MRA vs.  Angio 80 100 90 78 100 
Angio = angiography, MRA = magnetic resonance giography, 
PPV = positive predictive value, NPV = negative predictive 
value 
Table 3. Non- invas ive assessment of  stenoses 
Number Sensitivity Specificity PPV NPV 
Fem pulse vs.  Angio 152 60 74 69 66 
MRA vs. Angio 57 71 68 78 60 
Duplex vs.  Angio 150 91 93 93 91 
Fem pulse = femoral pulse palpation 
standard". Both MRA and Duplex were sensitive to 
the large flow disturbances caused by an occlusion. 
Table 3 compares non-invasive assessment of 
aortoiliac stenoses using arteriography as the "gold 
standard". Femoral pulse palpation was insufficiently 
sensitive to allow clinical decisions to be made. 
Duplex results correlate more closely with angio- 
graphic findings than MRA'. The latter technique, 
although more sensitive than femoral pulse palpation, 
was less specific. Figure 1 shows an MRA of bilateral 
common iliac stenoses, the right side was mis- 
diagnosed as an occlusion. The corresponding arterio- 
gram is shown in Fig. 2. 
Table 4 compares biplanar arteriography, colour 
Duplex and MRA with intraarterial pressure measure- 
ments as the "gold standard". Two significant steno- 
ses, detected by Duplex and confirmed by pressure 
measurements, were missed by angiography. These 
patients had angioplasty to aortoiliac stenoses, angio- 
graphically less than 50% area reduction, with clinical 
improvement. Distinction between significant and 
insignificant stenoses was difficult using MRA as the 
low negative predictive value of this technique 
illustrates. 
Discussion 
An ideal non-invasive method of aortoiliac assessment 
should localise arterial disease and indicate its haemo- 
dynamic significance. It should be quick, cheap and 
acceptable to patients. 
An abnormal femoral pulse cannot reliably pre- 
dict upstream disease or distinguish stenoses from 
occlusions. Sobinsky found that abnormal femoral 
pulses were detected in 71% of patients with sig- 
nificant aortoiliac disease using resting pressure gra- 
dients as a gold standard. 5 Using arteriography as a 
gold standard, 72% of our patients with either 
aortoiliac occlusion or stenosis had an abnormal 
femoral pulse. Normal femoral pulses have been 
reported to exclude significant upstream disease. 5 
However, others have found normal resting femoral 
pulses with occult iliac stenoses. 6 Femoral pulse 
Fig. 1. Magnetic resonance angiogram of bilateral iliac stenoses. Fig. 2. Transfemoral arteriogram of bilateral iliac stenoses. 
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Table 4. Non-invasive assessment compared to pressure 
gradients 
Number Sensitivity Specificity PPV NPV 
MRA vs.  IAPM 32 85 80 96 50 
Angio vs .  IAPM 68 91 77 89 81 
Duplex vs.  IAPM 68 96 82 92 90 
IAPM = intraarterial pressure measurement 
palpation after exercise does not significantly improve 
diagnostic accuracy. 7 Palpation of the femoral pulse is 
affected by obesity and scarring in the groin and has 
considerable interobserver variability. While clinical 
examination provides a rapid assessment of aortoiliac 
disease its limitations hould be widely appreciated. 
Although approximately half our patients underwent 
MRA and pressure measurements were made in 68 
patients, the range of clinical findings in these sub- 
groups were similar to the total patient population. 
Magnetic resonance angiography was completed in a 
reasonable time. As experience of the 2D time of flight 
method increased results have improved. The mag- 
netic angiogram is a versatile technique enabling 
reconstruction of arterial images in any plane. Using 
more sophisticated and time consuming magnetic 
techniques, Mohiaddin constructed aortic and iliac 
velocity profiles and detected changes in peak velocity 
within the jet of stenoses, s Estimates of blood flow 
volume may also be obtained by magnetic techniques 
although Sumner questioned its value as an indicator 
of haemodynamic significance. 9 Although magnetic 
resonance angiography has the potential to provide 
detailed haemodynamic and morphological informa- 
tion, the 2-D TOF technique available to us is 
insufficiently accurate to allow precise evaluation of 
stenoses. In particular it was difficult to distinguish 
between insignificant mild and significant moderate 
stenoses. However all occlusions were detected which 
was helpful in planning subsequent arteriograms. 
With the development of more sophisticated magnetic 
angiography techniques and analysis equences eval- 
uation of stenoses may improve. 
Colour Duplex imaging is recognised in the 
assessment of carotid and femoropopliteal arteries. 1°'11 
Large, superficial arteries are ideally suited to Duplex 
examination. Aortoiliac vessels however, are deeply 
placed and may be tortuous and hidden by bowel gas 
or obesity. The problems of finding an ultrasonic 
"window" and acceptable Doppler angle in the 
abdomen inevitably prolong the procedure. The four 
aortoiliac segments not visualised and four occlusions 
misdiagnosed as stenoses all occurred early in the 
study and would have undergone arteriography had 
Duplex been used as a screening test. One Duplex 
stenosis was found to be occluded at arteriography 1 
month later. This was felt to have occluded while 
awaiting arteriography as the occlusion appeared 
recent with few collaterals. With experience the severe 
flow disturbance caused by occlusions can be recog- 
nised and we now expect to correctly diagnose 
occlusions. Experienced Duplex sonographers eport 
100% detection of occlusions with no false positives. 2 
The 68 patients undergoing intraarterial pressure 
studies had similar demographic characteristics and 
spectrum of angiographic disease as the patient 
population as a whole. Two occult iliac stenoses were 
missed by arteriography but detected by Duplex and 
confirmed by intraarterial pressure measurements 
with papaverine. Edwards felt that Doppler would 
provide a more accurate assessment of haemodynamic 
significance than the purely morphological informa- 
tion from arteriography. ~ Legemate reported biplanar 
arteriography to underestimate 25% of occult iliac 
stenoses found to be significant on pressure testing 
with papaverine. However, most of these lesions were 
also Duplex false negatives. 2 The use of a ratio of 
Doppler velocities to assess tenoses may be insensi- 
tive to flow changes unlike pressure gradients which 
are enhanced by reactive hyperaemia so enabling 
diagnosis of occult stenoses. 
If Duplex is to be used as a screening test, we 
propose that arterial segments with significant steno- 
ses, occlusions or low confidence limits, should have 
arteriography. If these criteria had been used, arteriog- 
raphy of 69 normal aortoiliac segments could have 
been avoided and seven significant stenoses would 
have been missed. Using arteriography alone, two 
significant stenoses would not have been dilated. 
Conclusions 
Femoral pulse palpation is a useful guide to proximal 
disease but its limitations should be recognised. 
Magnetic resonance angiography has potential to 
provide accurate haemodynamic and morphological 
information. Although with new developments results 
may improve, the 219 TOF technique is insufficiently 
accurate for evaluation of stenoses. However, MRA 
proved sensitive to occlusions and enabled planning 
of subsequent arteriograms. 
Although a lengthy procedure, aortoiliac Duplex 
correlated well with arteriography and pressure gra- 
dients. Colour flow Duplex provided the best non- 
invasive assessment of the aortoiliac lesions and its 
potential to reduce unnecessary arteriograms should 
be further investigated. 
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